ABSTRACT Current methods for determining the fibrogenicity of substances are based on relatively long term exposures of animals to the substance and the evaluation of morphological changes occurring in the lung. The use of inhalation chambers, which produce a more physiological environment, suffer from the need for particularly long exposure times (1-3 years). The present study describes a technique using scanning electron microscopy, energy dispersive analysis, and a digitiser pad with a computer to evaluate the fibrogenicity of silica in cases of known exposure. Scanning electron micrographs taken from silicotic lungs were evaluated for the degree of thickening (fibrosis) and the same areas were analysed for silicon content. Correlations between silicon content and septal thickening were shown to be significant (p < 0.0001). The study also describes the concentrations of elements found in normal lungs. The technique for establishing correlation curves between elemental concentrations and septal thickening could be of value in determining the fibrogenicity of pure substances after short exposures in an environmental chamber.
One of the primary morphological changes observed in fibrotic lung disease due to inhalation of inorganic dust, such as silica, is a pronounced thickening of the interalveolar septa. The thickening is associated with the deposition of large quantities of collagen fibres among the cells of the septa. It is thought that the fibres are laid down by one of two processes. A "fibrogenic' agent may act directly on the fibroblast stimulating it to produce large quantities of collagen or the cell may also be stimulated by substances released from dying macrophages that have ingested excessive amounts of non-digestible substances. '-6 In either case the agent responsible directly, or indirectly, for fibroblast stimulation is considered to be fibrogenic.
Several methods are available for assessing the fibrogenicity of a substance. The haemolysis of red blood cells is one method that has been used,79 although a recent study has shown that this is not always predictive of fibrosis.'01' Other methods involve the determination of the cytotoxicity of the suspected substance. '2'4 This procedure also appears to correlate poorly with fibrosis and is not Received 14 November 1984 Accepted 23 January 1984 recommended as the sole method for determining fibrogenicity." '5 In vivo methods for determining fibrogenicity of substances are based on the instillation of substances, such as silica, into the trachea of experimental animals.'6-'8 After a period of 6-12 months the lungs are examined for either biochemical or histological alterations. Inhalation studies for determining fibrogenicity, although more physiological, need long exposures in chambers (1-3 years) before current methods can detect significant changes in the lung.'9 20
Biochemical methods involve the assay of lung hydroxyproline which is considered to be indicative of collagen sythesis.2123 Histological methods are considered the most reliable means of determining whether or not a substance is fibrogenic."24 It is generally agreed that the presence of thickened septa together with interstitial exudate and epithelial metaplasia are features characteristic of pulmonary fibrosis. A substance can be evaluated for its fibrogenicity by exposing animals to known concentrations of the pure substance and observing for any of these changes. Both instillation techniques (6 months-i year) and inhalation techniques (1-3 years) require long periods of exposure before significant changes can be observed in the lung. 36
Morphometric and elemental microanalytical studies of human lung in health and disease
The examination of human lungs from workers exposed to various substances does not always permit the establishment of a "cause and effect" relation between a particular substance and fibrosis. The detection of a foreign element in the fibrotic lung tissue does not necessarily establish the aetiological role of that element. If, however, a positive correlation is observed between the amount of substance in the tissue and the degree of fibrosis then a possible aetiological role for that substance may be suggested.
The present study describes a procedure using scanning electron microscopy and energy dispersive analysis together with morphometry to computer base data handling system were used for the analyses. The specimen detector distance was 2-85 cm at 0 degree tilt and a takeoff angle of 37°. All spectra were stored on magnetic tape for future reference. Each area was analysed for 100 seconds at a 25 kv operating potential and a specimen current of 3 x 10-1 amps.
DATA REDUCTION AND USE OF ELEMENT/SULPHUR RATIOS
The relative abundance of each element was calculated from an analysis of the counts generated for a given element by comparison with the reference spectra of the materials containing known concentrations of that element. Concentration ratios were calculated and corrected for absorption, fluorescence, and atomic number effects, assuming carbon In order to determine septal thickness from the scanning electron micrographs a digitiser pad and a Talos smart box interfaced with a Cromemco System III, 64k computer were used. Five scanning electron micrographs were taken from each case examined. The average septal thickness in the areas analysed was calculated by averaging the width (linear) of 20 septal measurements chosen at random by the computer using a transparent grid overlay placed on the electron micrograph (fig 2) . A computer program then randomly selected one of the X and one of the Y coordinates on the overlay. If the coordinate intercepted a septum the width of that septum was measured at that point using the digitising pad and the data were automatically stored in the computer. If the coordinate intercepted an alveolar space then another coordinate was selected until 20 measurements were attained. Figure 3 shows the cathode ray tube display of the grid system with the 20 individual septal measurements. The average septal thickness of these 20 measurements was then calculated and compared directly with the silicon concentration of the septa in this particular field. The computer program was used to determine if a correlation existed between the ele- 
Results

MORPHOMETRY MEASUREMENTS
Septal measurements were made using the talos digitiser pad as described and the data stored in the computer. Eighteen cases (5 controls and 13 silicotics) were examined. At least one area from each control or silicotic case was examined. In four cases of silicosis the extent of fibrosis was so severe that no useful data could be obtained. An attempt was made to photograph areas varying in degree from moderate to high regions of fibrosis. It is recognised that the absolute septal thickness of the septum cannot be measured in 30 micrometer thick sections. The average relative septal thickness of control lungs, however, using a grid system, was 16 ,um.
The coefficients of correlation were calculated for each element found in the silicotic lungs. A correlation of 0-71 (p < 0.0001) was found between Si and septal thickening (fig 4) . This correlation is based on measurements from 22 different areas of varying degrees of fibrosis. The positive slope of the curve suggests that a good correlation exists between the silicon content and the thickness of the septa.
By comparison, the coefficient of correlation for magnesium was 0-02. The graph of this correlation ( fig 5) was extremely flat by comparison with silicon. The only other element with a high correlation was aluminium (fig 6) where a coefficient of correlation of 0-73 was determined. Since both Al and Si showed a high correlation with septal thickness, a correlation was determined for silicon after the removal of all the high aluminium cases. Only those cases with less than three standard deviations above the mean of aluminium were included in the new calculations. After removal of the six high Al cases the correlation coefficient for Si and septal thickness remained significant at 0 58 (p < 0.05). The correlation coefficient of Al to septal thickness, however, was only 0-16 (not significant). This suggests that high aluminium levels are not necessary for the correlation between silicon and septal thickening.
CALCULATION OF NORMAL VALUES OF ELEMENTS IN LUNG
A selection was made of five random areas of lung from 20 normal individuals without evidence of pulmonary disease. These areas were analysed and the average values for all measurable elements calculated.
The concentration of the elements were expressed as ratios of the number of x ray counts of element divided by the x ray counts for sulphur. This compensates for both section thickness and counting time. The derived ratio was then multiplied by 10-3 and expressed as EBS units (element/sulphur). Using this technique, for example, the average silicon concentration in lung would be a silicon/sulphur ratio of 0-064 or 64 E/S units. septa.2526 It is recognised that the normal levels of elements reported in the lung sections represent only-those elements which are not extracted through the preparation procedures. It is also possible that organic substances, not detectable by this method, could be reported in the lung sections represent only those the method is the inability to identify the form of the element in the human lung sections. The implication that a substance is producing fibrosis must, therefore, be made with caution when using human material where there is no history of exposure to a particular substance.
Although the cases studied here are well documented cases of exposure to silica, it is usually not possible, without using individual particle analysis, to distinguish between silicate and silica. Many of the silicotics included in this study were foundry workers who were also exposed to high levels of iron. In view of this it is interesting to note that although iron levels were high in some of the lungs, iron showed a poor correlation to the thickened septal areas. This is consistent with earlier studies which showed iron and silicon deposited in different locations in lung septa. 25 The high correlation of aluminium to septal thickening was interesting in view of several reports of aluminium pneumoconiosis.2730 It should be noted, however, that all the high aluminium areas also contained moderate to high levels of silicon. Removal of the high aluminium areas still provided a good correlation of silicon to septal thickness but aluminium no longer correlated to septal thickening (0-16). This suggests that low levels, at least of aluminium, do not produce significant septal thickening. Goralewski' s view that high levels of aluminium may cause fibrosis of the lung3' could not be tested since none of our high Al cases was without high levels of silicon.
The technique described in this paper could be of value in evaluating the fibrogenicity of pure substances on animal lungs. The determination of element/fibrosis correlations provides a relatively simple and rapid means of evaluating the fibrogenic potential of substances. A correlative study may be possible with short exposure times and with only a moderate thickening of the septa. This would be of particular value when working with animal models where septa are usually thin. The early detection of septal thickening by this method would" make the use of inhalation chambers more practical and would provide for a more physiological environment than intratracheal injection. Since small increases in septal thickness can be determined easily, the requirement for prolonged inhalation studies could be avoided. The use of inhalation chambers would also prevent the uneven distribution of substances among the various lobes.
